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1  | INTRODUCTION
Despite	 the	 considerable	 advances	 in	 gluten-	free	 (GF)	 research	 and	








bread	 and	 pasta	making.	Amongst	 all	 the	 gluten-	free	 products,	 bread	



























Cobos,	 Diaz,	 &	 Aguilera,	 2013).	 The	 chia	 seed	 has	 been	 described	











dition	of	7.5%	WCF	 improved	 the	dough	 rheological	properties	of	
stability,	 viscosity	 and	 elasticity.	 Costantini	 et	al.	 (2014)	 replaced	
common	 and	 tartary	 buckwheat	 flour	 with	 10%	 WCF,	 and	 they	
observed	 an	 improvement	 in	 the	 protein,	 lipid,	 dietary	 fiber,	 ash,	
α-	linolenic	acid,	and	phenolic	compound	contents	as	well	as	 in	the	












These	 studies	 showed	 the	 potential	 use	 of	 WCF	 in	 GFB,	 but	
to	 the	best	of	our	 knowledge,	 there	have	been	no	 reports	 to	date	
on	 the	 optimization	 of	 the	WCF	 proportions	 in	GFB	 formulations.	
Considering	 that,	 the	 objective	 of	 this	 study	was	 to	 use	 a	mixture	








2  | MATERIALS AND METHODS
2.1 | Materials





bags	and	stored	at	 room	temperature	 (approximately	25°C)	prior	 to	
further use.
Xanthan	 gum	 (Ziboxan	 F80,	 Deosen	 Biochemical	 Ltd,	 China)	




The	 flour/starch	 blends	 consisted	 of	 WCF,	 RF,	 and	 PS.	 The	
compositions	were	 determined	 in	 triplicate	 by	 standard	methods	
(AOAC	2005).	The	results	for	WCF	were	4.5%	ash,	29.9%	total	lip-
ids,	23.4%	protein,	42.2%	dietary	fiber,	and	0.0%	available	carbo-
hydrate	 dry	weight	 (dw).	The	RF	 had	 0.5%	 ash,	 0.9%	 total	 lipids,	
8.4%	protein,	4.6%	dietary	fiber,	and	85.5%	available	carbohydrate	








2.2 | Gluten- free bread preparation
The	 GFB	 formulation	 consisted	 of	 the	 following,	 on	 a	 %	 of	 total	
flour	weight	basis	(fwb):	100%	flour/starch	blend,	100%	water,	25%	
whole	egg,	10.5%	whole	milk	powder,	6%	white	cane	sugar,	6%	soy	




A	 straight	 dough	 process	 was	 performed	 using	 a	 stand	 mixer	
(BPS-	05-	NSkymsen,	Metalúrgica	Siemsen	Ltda.,	Brazil)	with	a	paddle	
attachment.	All	ingredients	were	mixed	at	speed	4	(on	a	1–10	mixer	
scale)	 for	 4	min.	The	 resulting	 dough	 (400	g)	was	 then	 spread	 into	
previously	 greased	 and	 floured	 baking	 pans	 (19	×	7.5	×	5	cm)	 and	
proofed	in	a	proofing	chamber	at	40°C	and	85%	relative	humidity	for	
45	min	(CFK-	10,	Klimaquip	S/A	–	Tecnologia	do	Frio,	Brazil).	Baking	
was	 performed	 in	 an	 electric	 oven	 at	 160°C	 for	 22	min	 (HPE-	80,	
Prática	Produtos	S.A.,	Brazil).	After	baking,	the	loaves	were	depanned	
and	cooled	for	2	hr	on	cooling	racks	at	room	temperature.	The	loaves	
were	 then	 stored	 in	 polyethylene	 bags	 to	 prevent	 moisture	 loss	
at	 room	 temperature	 (approximately	 25°C).	All	 analyses	were	 per-
formed within 3 hr.
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Six	 loaves	 for	each	of	 the	GFB	trials	were	prepared	 from	one	
batch.	 Three	 random	 loaves	 were	 used	 for	 the	 specific	 volume	
and	crumb	moisture	analyses,	and	three	random	loaves	were	used	
for	 the	 crumb	 texture	 evaluation	 and	 photographs.	 An	 extra	 six	
loaves	 from	 the	 selected	 treatments	were	 produced	 for	 sensory	
evaluation.
2.3 | Experimental design
The	 simplex-	centroid	 design	 for	mixtures	 of	 three	 ingredients	 was	








After	 cooling,	 the	 loaves	 were	 weighed	 (UX-	6200H,	 Shimadzu	
Corporation,	Japan),	and	the	loaf	volumes	were	measured	by	millet-	










2.5 | Physical property optimization and quality 
verification
The	bread	physical	properties	were	used	as	response	variables	for	the	































volume (cm3/g)2 Crumb firmness (N)2
Crumb moisture 
(%)2x1 x2 x3
1 1.00 0.00 0.00 8.17ab ± 0.41 1.69a ± 0.01 15.22de ± 0.49 52.08ef	±	0.06
2 0.00 1.00 0.00 8.06abc	±	0.61 1.38bc ± 0.04 14.98de ± 1.77 55.17a ± 0.18
3 0.00 0.00 1.00 7.27abc ± 0.47 1.22d ± 0.02 31.87a ± 4.02 51.41f ± 0.75
4 0.50 0.50 0.00 8.42a	±	0.56 1.70a ± 0.02 8.92e ± 1.37 53.26bc ± 0.17
5 0.50 0.00 0.50 6.86bc ± 0.49 1.43bc ± 0.02 29.11ab ± 1.27 51.38f ± 0.03
6 0.00 0.50 0.50 6.98abc ± 0.15 1.31cd ± 0.03 23.81bc ± 3.33 53.45bc ± 0.23
7 0.33 0.33 0.33 6.65c ± 0.33 1.30cd ± 0.08 31.75a ± 5.00 52.76cde ± 0.25
8 0.33 0.33 0.33 7.54abc ± 0.14 1.29cd ± 0.02 30.27ab	±	6.77 53.05cd ± 0.09
9 0.33 0.33 0.33 7.06abc	±	0.69 1.33cd ± 0.08 31.58a	±	6.28 52.86cde ± 0.25
10 0.66 0.17 0.17 7.52abc ± 0.48 1.52b ± 0.04 24.91abc ± 1.18 52.24de ± 0.29
11 0.17 0.66 0.17 7.81abc	±	0.62 1.51b ± 0.08 21.08cd ± 4.12 53.93b ± 0.11
12 0.17 0.17 0.66 7.06abc	±	0.69 1.33cd ± 0.08 28.24abc	±	1.67 52.12ef ± 0.09
1x1=	Rice	flour,	x2=	Potato	starch,	x3=	Whole	chia	flour.
2Values	are	means	±	standard	deviations.	Values	followed	by	different	superscripts	in	each	row	are	significantly	different	(p < .05).
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agreed	to	taste	the	samples	before	the	tests	occurred	and	attested	that	
they	 had	 bread-	consuming	 habits	 and	 did	 not	 have	 any	 allergy	 or	 in-






and	overall	 acceptability	of	 the	 formulations	on	a	10-	cm	hybrid	he-
donic	scale	(Villanueva,	Petenate,	&	Da	Silva,	2005).	The	bread	slices	
(12.5	mm	 thick)	 were	 separately	 offered	 in	 a	 random	 sequence	 in	
polyethylene	 bags	 coded	with	 3-	digit	 numbers.	The	 evaluation	was	





determined	 according	 to	 the	 AOAC	 methods	 (AOAC,	 2005).	 The	
moisture	content	was	calculated	based	on	weight	loss	after	the	sam-
ple	was	 heated	 in	 an	 oven	 at	 105°C.	 Ash	 content	was	 determined	
by	incineration	in	muffle	furnace	at	550°C.	Protein	content	was	de-
termined	 by	 total	 nitrogen,	 obtained	 by	micro-	Kjeldahl,	 considering	
conversion	factor	of	%N	×	6.25.	Fat	was	determined	by	the	Soxhlet	
method.	Total	 dietary	 fiber	by	enzymatic–gravimetric,	 using	 a	 com-































protein,	 dietary	 fiber,	 and	mucilage	water-	binding	 capacity,	 and	 the	
starch	 dilution	 effect.	 These	 factors	 could	 limit	 starch	 swelling	 and	
gelatinization,	which	together	with	the	bran	particle	effects	impaired	







water	allows	 for	 the	adequate	dough	viscosity,	 starch	gelatinization,	




as	 shown	 in	 Figure	1	 and	 Table	1,	 it	 is	 clear	 that	 using	 100%	WCF	
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The	loaf-	specific	volume	was	inversely	correlated	with	the	crumb	
firmness	 (r	=	−0.80,	 p	<	.01),	 and	 thus	 a	 lower	 loaf-	specific	 volume	
results	 in	a	greater	firmness	because	of	the	denser	crumb	and	more	
compact	 cells.	 Figure	2b	 and	 c	 show	 that	 GFBs	 containing	 higher	





crumb	moisture,	 and	 the	 GFBs	 containing	 higher	WCF	 proportions	
have	the	lowest	values.
From	 the	 regression	 coefficients	 shown	 in	Table	2,	 it	 is	 clear	 that	
the	ternary	 interactions	between	RF,	PS,	and	WCF	are	the	terms	that	







taining	WCF.	Considering	 that	 the	 loaf	volume	 is	directly	 related	 to	
the	crumb	softness	and	texture	acceptance	(Capriles	&	Arêas,	2014),	
promising	 formulations	were	selected	considering	 the	models	 fitted	
to	these	physical	properties.	GFB	formulations	prepared	with	blends	
of	RF	and	WCF	were	selected	from	models	presenting	high	loaf	vol-
ume	values	and	 lower	crumb	 firmness	values,	which	could	 result	 in	
sensory-	accepted	 products.	 Confirmatory	 experiments	 were	 per-
formed,	and	the	results	show	that	 the	 loaf	volume	and	crumb	firm-
ness	 of	 GFBs	made	 from	 RF	 blends	with	 5%,	 10%	 and	 14%	WCF	
corresponded	well	 with	 the	 predicted	 values.	 No	 differences	were	










TABLE  2 Predicted	model	equations	for	the	mixture	design	indicating	the	effect	of	each	mixture	component1 and their interactions on the 
physical	properties	of	the	gluten-	free	bread
Parameter Predicted model equations2 R2adj (%)
3 Model (p)4 Lack of fit (p)4
Bake	loss Ya	=	8.15RF	+8.12PS	+7.34WCF	-	3.85RF	x	WCF 72.5 .019 .938
Loaf	specific	volume Yb	=	1.68RF	+1.40PS	+1.23WCF	-	4.98RF	x	PS	x	WCF 84.8 .009 .068
Crumb	firmness Yc	=	15.9RF	+15.1PS	+30.6WCF	+283.9RF	x	PS	x	WCF 91.0 .003 .072














ranging	 from	8.2	 to	 8.5	 according	 to	 the	 results	 recently	 reported	
by	 Capriles,	 Santos,	 and	 Arêas,	 (2016).	 No	 significant	 differences	
were	observed	between	the	aroma,	texture,	taste	and	overall	accept-





14%	WCF,	 for	which	 the	 proximate	 compositions	 are	 presented	 in	
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AACC	(2010).	American Association of Cereal Chemists International Approved 
Methods of Analysis,	11th	ed..	Minnesota:	AACC.





Component proportion in flour/
starch blends1 Predicted values2,3 Measured values3,4,5
x1 x2 x3
Loaf specific volume 
(cm3/g) Crumb firmness (N)
Loaf specific volume 
(cm3/g) Crumb firmness (N)
A 0.95 0.00 0.05 1.66	(1.54–1.78) 16.57	(12.16–20.99) 1.64a	(1.56–1.72) 19.02a	(17.26–20.79)
B 0.90 0.00 0.10 1.63	(1.51–1.75) 17.36	(12.94–21.77) 1.72a	(1.63–1.81) 15.30a	(14.22–15.98)








Component proportion in 
flour/starch blends1 Acceptability scores2
x1 x2 x3 Appearance Color Aroma Texture Taste Overall 
A 0.95 0.00 0.05 8.53a	±	1.60 8.56a ± 1.37 8.70a ± 1.27 8.66a ± 1.15 8.17a ± 1.73 8.65a	±	1.16
B 0.90 0.00 0.10 7.61b ± 1.50 7.79b ± 1.40 8.43a ± 1.59 8.20a	±	1.62 8.00a ± 1.75 8.08a ± 1.52






Component proportion in 
flour/starch blends1 Proximate composition (g/100 g)2
x1 x2 x3 Moisture Ash Lipid Protein Dietary fiber
Available 
carbohydrates3
A 0.95 0.00 0.05 52.11a ± 0.05 1.25c ± 0.01 4.65c ± 0.11 5.37c	±	0.06 2.81b	±	0.16 33.81
B 0.90 0.00 0.10 52.17a ± 0.10 1.30b ± 0.01 5.13b ± 0.10 5.91b ± 0.08 3.43a ± 0.24 32.07
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